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Abstract of JP6076971 
PURPOSE:To supply power in such state 
as optimum for a load, and enable a lamp 
lighting device to operate optimally and 
stably by detecting the voltage and current 
of a load as well as a phase difference 
between the voltage and current, and 
controlling DC voltage applicable to an 
inverter circuit on the basis of the detected 
phase difference. CONSTITUTION:Load 
voltage is divided with capacitors CI and 
C2. Also, current across the capacitor C2 is 
detected via a current transformer 3 and 
inputted to a phase comparator 8 via 
coaxial cables 4 and 5. The comparator 8 
makes a comparison between the phases of 
the inputted voltage and current, and 
generates pulses having breadth 
corresponding to a phase difference. Then, 
the pulses are sent to a pulse width 
modulator 11 through an error amplifier 10. 
The modulator 11 controls a transistor T3 
according to the pulse width, and further 
controls voltage applicable to a switching 
regulator 1. Also, a drive control circuit 12 
controls field effect transistors Tl and T2 at 
a high frequency through a drive circuit 2. 
According to this construction, power can 
be supplied in such state as optimum for a 
load, and a lamp lighting device can be 
made to operate optimally and stably. 
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CLAIMS 
[Claim(s)] 

[Claim 1] A current detection means to detect the current which flows to said load in 
the inverter circuit which changes a direct current into an alternating current and is 
supplied to a load, A phase contrast detection means to detect the phase contrast of 
an electrical-potential-difference detection means to detect the electrical potential 
difference impressed to said load, and the electrical potential difference which this 
electrical-potential-difference detection means detected and the current which said 
current detection means detected, The inverter circuit characterized by having the 
inverter direct-current control means which controls the direct current voltage given 
to said inverter circuit based on the detection result of this phase detection means. 
[Claim 2] an inverter circuit is equipped with the switching element in which the 
main-electrode pair and the control-electrode pair were prepared separately, and the 
path in which it results from an electrical-potential-difference detection means and a 
current detection means to a phase contrast detection means consists of coaxial 
cables — having — the outside of this coaxial cable — the inverter circuit according 
to claim 1 characterized by connecting the conductor to a stabilization potential side 
edge child among the control-electrode pairs of said switching element. 
[Claim 3] The body of the electrodeless discharge lamp made to generate the ring 
plasma in response to the energy given by the electromagnetic coupling, The 
excitation coil which carries out an electromagnetic coupling to the body of this 
electrodeless discharge lamp, and supplies energy, A current detection means to be 
the inverter circuit which uses said body and said excitation coil as a load, and to 
detect the current which flows to this load, A phase contrast detection means to 
detect the phase contrast of an electrical-potential-difference detection means to 
detect the electrical potential difference impressed to this load, and the electrical 
potential difference which this electrical-potential-difference detection means 
detected and the current which said current detection means detected, The 
electrodeless discharge lamp lighting device characterized by providing an inverter 
circuit equipped with the inverter direct-current control means which controls the 
direct current voltage given to said inverter circuit based on the detection result of 
this phase detection means. 

[Claim 4] The body of the electrodeless discharge lamp made to generate the ring 
plasma in response to the energy given by the electromagnetic coupling, The 
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excitation coil which carries out an electromagnetic coupling to the body of this 
electrodeless discharge lamp, and supplies energy, A current detection means to be 
the inverter circuit which uses said body and said excitation coil as a load, and to 
detect the current concerning the output of the DC power supply of an applicable this 
inverter circuit, So that the power which is the product of an 
electrical-potential-difference detection means to detect the electrical potential 
difference concerning the output of said DC power supply, and the electrical potential 
difference detected by this electrical-potential-difference detection means and the 
current detected by said current detection means may serve as predetermined The 
electrodeless discharge lamp lighting device characterized by providing an inverter 
circuit equipped with a power control means to control the supply voltage given to 
said inverter circuit. 

[Claim 5] The electrodeless discharge lamp lighting device according to claim 3 or 4 
characterized by preparing the matching circuit which plans these impedance 
matching between a load and an inverter circuit. 

[Claim 6] An electrodeless discharge lamp lighting device given in any 1 term of claim 
3 characterized by having equipped the inverter circuit with the switching element and 
the drive circuit which drives this switching element by the sine wave, and having a 
drive armature-voltage control means to increase the sinusoidal voltage for said drive 
at the time of starting of an electrodeless discharge lamp thru/or claim 5. 
[Claim 7] An electrodeless discharge lamp lighting device given in any 1 term of claim 
3 characterized by preparing DC chopper circuit which gives supply voltage to an 
inverter circuit, forming a transformer in this DC chopper circuit, obtaining an 
electrical potential difference from the secondary coil of this transformer, and using 
for starting of said electrodeless discharge lamp thru/or claim 6. 

[Claim 8] The capillary for starting used as the current passage to the path in which it 
is joined to the body of an electrodeless discharge lamp, and results from the body 
concerned to said excitation coil by glow discharge, DC chopper circuit which gives 
supply voltage to an inverter circuit is prepared. The primary coil of an inductor is 
formed in this DC chopper circuit, obtain an electrical potential difference through the 
secondary coil combined with this primary side coil, and said capillary for starting is 
supplied. An electrodeless discharge lamp lighting device given in any 1 term of claim 3 
characterized by putting said electrodeless discharge lamp into operation thru/or 
claim 6. 
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[Detailed Description of the Invention] 
[0001] 

[Industrial Application] This invention relates to the electrodeless discharge lamp 
lighting device using the possible inverter circuit and the inverter circuit concerned of 
application for a electric-discharge lamp load, a motor load, a radio heating load, an 
antenna load, etc. 
[0002] 

[Description of the Prior Art] The electrodeless discharge lamp lighting device is long 
lasting from the electrode not being prepared in the interior of the lamp of an 
electrodeless discharge lamp, and is equipped with two outstanding descriptions of 
being efficient, from supply of energy being made by resonance. In this electrodeless 
discharge lamp lighting device, in order to supply energy by resonance to an 
electrodeless discharge lamp, the matching circuit is prepared between the 
electrodeless discharge lamp and excitation coil which are a load, and the inverter 
circuit concerning current supply. And it is necessary to supply a low impedance RF 
high current to the electrodeless discharge lamp and excitation coil which are a load. 
For this reason, it becomes conditions that Q of resonance of a circuit is very high as 
a matching circuit, for example, Q is set as 300 thru/or 500. Thus, if the value of the 
inductance L for resonating and capacitance C displaces the matching circuits where 
Q of resonance was set up very highly under the effect of a perimeter environment 
etc. even when they are few, the absolute value and phase (angle of deviation) of an 
impedance by the side of a load will be changed sharply. For this reason, an input 
becomes excessive, the switching element of an inverter circuit etc. is destroyed, or 
an input becomes [ too little ] conversely and the problem of an electrodeless 
discharge lamp stopping starting etc. arises. 

[0003] Then, detect the electrical potential difference and current which are inputted 
into a load, the distance between plates of the capacitor of the matching circuit which 
consists of a mechanical configuration is made to displace mechanically according to 
the phase contrast, and the technique of holding the condition of a matching circuit to 
an optimum state is known. 
[0004] 

[Problem(s) to be Solved by the Invention] However, according to the 
above-mentioned conventional technique, it is easy to separate under mechanical 
control, therefore the effect of a mechanical shock or a hysteresis from an optimum 
state simply, and there is a trouble that a response is slow. This trouble is also a 
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trouble of the inverter circuit which does not correct picking, either but supplies 
power to the severe load of such matching conditions. 

[0005] This invention tended to solve the trouble of the inverter circuit used for the 
above conventional electrodeless discharge lamp lighting device and this above, it was 
made, and the purpose is offering the electrodeless discharge lamp lighting device and 
inverter circuit to which a response can operate on early and the always optimal 
conditions. 
[0006] 

[Means for Solving the Problem] Then, a current detection means to detect the 
current which flows to said load to the inverter circuit which changes a direct current 
into an alternating current and is supplied to a load in this invention, A phase contrast 
detection means to detect the phase contrast of an electrical-potential-difference 
detection means to detect the electrical potential difference impressed to said load, 
and the electrical potential difference which this electrical-potential-difference 
detection means detected and the current which said current detection means 
detected, The inverter direct-current control means which controls the direct current 
voltage given to said inverter circuit based on the detection result of this phase 
detection means was made to have, and the inverter circuit was constituted. 
[0007] Furthermore, the body of the electrodeless discharge lamp made to generate 
the ring plasma in this invention in response to the energy given by the 
electromagnetic coupling, The excitation coil which carries out an electromagnetic 
coupling to the body of this electrodeless discharge lamp, and supplies energy, A 
current detection means to be the inverter circuit which uses said body and said 
excitation coil as a load, and to detect the current which flows to this load, A phase 
contrast detection means to detect the phase contrast of an 
electrical-potential-difference detection means to detect the electrical potential 
difference impressed to this load, and the electrical potential difference which this 
electrical-potential-difference detection means detected and the current which said 
current detection means detected, The inverter circuit equipped with the inverter 
direct-current control means which controls the direct current voltage given to said 
inverter circuit based on the detection result of this phase detection means was made 
to provide, and the electrodeless discharge lamp lighting device was constituted. 
[0008] 

[Function] According to the inverter circuit concerning the above-mentioned 
configuration, the direct current voltage which the phase contrast of the current and 
electrical potential difference which are supplied to the load is detected, and is given 
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to an inverter circuit based on this phase contrast is risen or reduced suitably, and it 
works so that a variation rate may be carried out to the value of a request of phase 
contrast. That is, direct current voltage is changed according to fluctuation of the 
value of the impedance of a load, and a phase, and the optimal matching condition 
appears this inverter circuit. 

[0009] Moreover, according to the electrodeless discharge lamp lighting device 
concerning the above-mentioned configuration, an inverter circuit changes direct 
current voltage according to fluctuation of the value of the impedance of the 
electrodeless discharge lamp which is a load, and an excitation coil, and a phase, 
appears the optimal matching condition, returns resonance conditions to a proper 
condition, and prevents the starting impossible of destruction of a device, or a lamp. 
[0010] 

[Example] Hereafter, the example of this invention is explained with reference to an 
accompanying drawing. In each drawing, the configuration to which the same sign was 
given is the same configuration, and omits the overlapping explanation. The example of 
an electrodeless discharge lamp lighting device is shown in drawing 1 . In this example, 
the electrical potential difference outputted by the switching regulator 1 is given to 
the drain of FET-T1 which is a switching element. The source of FET-T1 is connected 
to the drain of FET-T2, and the source of FET-T2 is grounded. FET-T1 and FET-T2 
are driven by the sine wave of the predetermined frequency (for example, 13.56 MHz) 
outputted from the drive circuit 2, and output the RF supplied to an electrodeless 
discharge lamp. The outputted high frequency is given to the excitation coil L through 
the matching circuit constituted by Capacitors Cs and Cp. The electrical potential 
difference between both ends of the excitation coil L is given through a capacitor C3 
to the capillary 7 for starting. The capillary 7 for starting has the configuration from 
which the interior of a glass tube was made into the vacuum, and was stopped. The 
body 6 of a lamp is joined to the capillary 7 for starting. The body 6 of a lamp has the 
configuration with which a krypton and Nal were enclosed in the quartz-glass ball in 
the air. In order to give the high voltage to the capillary 7 for starting, to generate the 
plasma at the time of starting and to carry out induction of the plasma to the body 6 
of a lamp, it is the excitation coil L to the capacitor C3. It minds and they are a coil L1 , 
a capacitor C4, and resistance R1. An electric power supply is made in the starter 
circuit connected to juxtaposition. Switch SW shows the switch for a start. 
[0011] In this example, in order to detect the electrical potential difference impressed 
to a load side, the capacitor divider which consists of a series circuit of capacitors C1 
and C2 is connected between the drain of FET-T2, and a ground, and the electrical 
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potential difference between both ends of a capacitor C2 is taken out with a coaxial 
cable 4. Furthermore, in order to detect the current which flows from the drain of 
FET-T2 to the excitation coil L side, it is prepared in the path in which the current 
transformer 3 results from the drain of FET-T2 to Capacitor Cs. In the secondary coil 
of the KARANTO transformer 3, resistance R2 was connected to juxtaposition and 
the above-mentioned current is taken out with the coaxial cable 5 as an electrical 
potential difference produced among the both ends of this resistance R2. In addition, 
between coaxial cables 4 and 5 and a ground, terminators R3 and R4 are connected, 
respectively. 

[0012] The electrical potential difference taken out with the coaxial cable 4 is given to 
a phase comparator 8 through the coil L2 which constitutes a low pass filter, a 
coupling capacitor C5, and Inverters 9A and 9B. In order for predetermined to prevent 
destruction of the device of an inverter circuit etc. and for it to make starting of an 
electrodeless discharge lamp smooth for it that the phase is progressing [ the 
electrical potential difference given to a load ] to a current, Inverters 9A and 9B delay 
an electrical potential difference, are given to a phase comparator 8, and make a 
phase comparison with a current perform. That is, when an electrodeless discharge 
lamp lighting device is an optimum state, supposing it detects that the phase of an 
electrical potential difference and a current is a predetermined value in a phase 
comparator 8, only the amount of delay according [ the phase of an electrical potential 
difference ] to the above-mentioned inverters 9A and 9B is progressing further in fact. 
If phase contrast becomes small on the basis of this phase contrast, the idle period of 
PWM will be made [ many ], and conversely, if the above-mentioned phase contrast 
becomes large, the idle period of PWM will be lessened. 

[001 3] The signal concerning the current taken out with the coaxial cable 5 is given to 
a phase comparator 8 through the coil L3 and coupling capacitor C6 which constitute 
a low pass filter. In a phase comparator 8, the phase of the detecting signal of the 
electrical potential difference and current which came is compared, and the pulse of 
the pulse width according to phase contrast is outputted. This pulse results to the 
integrating circuit of the resistance R5 and the capacitor C7 which constitute a low 
pass filter, and is changed into the electrical potential difference of pulse width. This 
electrical potential difference is given to the error amplifier 10, is made into the 
electrical potential difference according to a difference with a predetermined 
electrical potential difference in here, and is sent out to a pulse width modulator 1 1. A 
pulse width modulator 1 1 controls the idle period of a pulse output according to the 
output of the error amplifier 10, and performs a pulse output. The pulse outputted 
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from the pulse width modulator 1 1 is given to the base of transistor T3. Transistor T3 
is prepared in the supply path of the direct current voltage supplied to a switching 
regulator 1. Direct current voltage has arrived at P1 and P2 endpoint from the power 
source. The drive control circuit 12 is a circuit which controls the drive actuation by 
the drive circuit 2, although the output of the sine wave of 13.56 MHz is controlled, 
acquires phase contrast information and may usually be made to control a required 
frequency by the path 13 or path 14 shown with a broken line. 

[0014] In the above-mentioned electrodeless discharge lamp lighting device, since the 
output level of the error amplifier 10 will decline if phase contrast becomes less than 
the above-mentioned predetermined value, a pulse width modulator 1 1 enlarges the 
idle period of a pulse output, lengthens the "off" period of transistor T3, and lowers 
the electrical potential difference supplied to a switching regulator 1. Moreover, with 
the above, since the output level of the error amplifier 10 will rise if phase contrast 
becomes larger than a predetermined value conversely, a pulse width modulator 1 1 
shortens the idle period of a pulse output, lessens the "off" period of transistor T3, 
and raises the electrical potential difference supplied to a switching regulator 1. When 
phase contrast is a predetermined value, it cannot be overemphasized that a pulse 
with a suitable idle period is outputted from a pulse width modulator 1 1 , control of 
transistor T3 is made, and a suitable electrical potential difference is given to a 
switching regulator 1. When it ** and phase contrast decreases, a load will reduce an 
electrical potential difference in the series resonance condition in view of being a 
value with load impedance very small soon, and will prevent a fault input. 
[0015] In addition, although the detecting signal of an electrical potential difference is 
delayed above, even when phase contrast was a predetermined value, the idle period 
concerned was suitably secured so that a pulse with a suitable idle period might be 
outputted and phase contrast becomes below the above-mentioned predetermined 
value, FET-T1 and the electrical potential difference between source drains of T2 fall 
to near a zero bolt, and can realize equipment with them. [ there are few 
charge-and-discharge losses and efficient ] Although this example is using the 
electrodeless discharge lamp as the load, it can apply the inverter circuit concerned 
to the load which has the same property. Furthermore, although inverter direct 
current voltage was made to control by this example continuously according to phase 
contrast, the phase is set as phase contrast and inverter direct current voltage is 
controlled by other examples for every phase of the. The same effectiveness is 
expectable with this control system. 

[0016] In the above-mentioned configuration, if the current transformer 3 is 
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constituted as shown in drawing 2 , effect of a noise can be lessened. The toroidal 
core 21 constitutes the current transformer 3. A coaxial cable 22 is inserted in the 
hole established in the center section of the toroidal core 21, and let the inside lead 
wire 23 be a primary coil (current path of a detection current). The outside lead wire 
24 of a coaxial cable 22 is grounded. A hole 26 is drilled in the predetermined location 
of the circuit board 25, and the toroidal core 21 is embedded in this hole 26, it 
stretches so that the edge of the circuit board 25 which faces the above-mentioned 
inside lead wire 23 a hole 26 may be connected to one straight line, and it connects 
with delivery and the electric conduction pattern which is not illustrated. By the 
starting configuration/the electrostatic shield of the primary coil is carried out, further, 
a primary coil serves as the shortest die length, and generating of an inductance can 
be lessened. In addition, the quality of the material of a core uses the dust of cull 
BONIRU iron. The permeability of this quality of the material is about 8, and 
guarantees magnetic coupling required for a current transformer, and does not give an 
inductance to a primary coil. 

[001 7] In drawing 1 , signs 1 5, 1 6, and 1 7 show the location which can connect a phase 
adjustment component. As this phase adjustment component, the component from 
which capacitance serves as dominance is used. Since the component of an 
inductance component may be combined with a high-frequency field, a phase may be 
made to produce an error, a parasitism inductance may produce the component of a 
resistance component slightly in the current path between the components or 
substrate patterns which are connected to this and an error may arise in a phase by 
this, as for these components, not using is desirable. 

[0018] The electrical potential difference of the above-mentioned electrodeless 
discharge lamp lighting device and the configuration of current detection can be 
constituted like drawing 3 . A pudding, the drain of FET-T1 which is a switching 
element through the electric conduction patterns 31 and 32 on a substrate, and the 
source of FET-T2 are given from the power source of switching regulator 1 grade, and 
the source of FET-T1 and the drain of FET-T2 are connected to the electric 
conduction pattern 33. Between the electric conduction pattern 33 and the electric 
conduction pattern 32, the series circuit of the capacitor dividers C1 and C2 is 
connected. A coaxial cable 22 connects with a matching circuit side from the electric 
conduction pattern 33. A control section 30 summarizes the configuration which 
results from the coaxial cables 4 and 5 in drawing 1 to a pulse width modulator 11. 
Now, in this configuration, the electric conduction pattern 32 is made into stabilization 
potential (for example, ground potential), the outside lead wire of each coaxial cables 4, 
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5, and 22 is connected, and it is led to a points of the electric conduction pattern 32. 
In addition, Drain D and Source S which FET-T1 and FET-T2 which are a switching 
element have a main-electrode pair and a control-electrode pair, and are connected 
to the electric conduction patterns 31, 32, and 33 are a main-electrode pair, and 
remaining Gates G and Sources S are control-electrode pairs. This control-electrode 
pair is connected to the drive circuit 2. 

[0019] However, according to this configuration, in spite of making drive control to a 
control-electrode pair (Gate G and the source (S) of a free condition of drawing), as 
an electrical-potential-difference current by the side of a load, the signal is detected 
from the main-electrode pair (Drain D, the source (S) which are connected to the 
electric conduction patterns 31, 32, and 33). That is, to the stabilization potential of an 
actual drive being the source S of a control-electrode pair, the stabilization potential 
of the signal for phase contrast detection is the source S of a main-electrode pair, 
and a detection error produces it according to the potential difference of both 
stability potential. 

[0020] Then, as shown in drawing 4 , the outside lead wire of each coaxial cables 4, 5, 
and 22 is connected to the source S of a control-electrode pair of FET-T2 in common. 
That is, let the source S of a control-electrode pair be stabilization potential (for 
example, ground potential). Consequently, the stabilization potential of an actual drive 
and the stabilization potential of the signal for phase contrast detection serve as a 
place in agreement, and it is lost that an error is included of them in a detecting signal. 
The circuitry of this example is shown in drawing 5 (a). In this circuit, the end of one 
terminal resistance R2 of an electrical-potential-difference detecting element (divider 
according to the series-connection circuit of Resistance RA and RB here) and the 
end of the secondary coil of the current transformer 3 are connected to the ground 
which connects power-source 1A and the matching circuit 38, and also as shown in 
(b) of drawing 5 , common connection of the source Ss of a control-electrode pair of 
FET-T2 and the source Sm of a main-electrode pair is made, and let them be ground 
potential. It is lost that the ground potential and the stabilization potential of a drive 
circuit which are the stabilization potential of the electrical-potential-difference 
current to detect are communalized by this configuration, and an error is included in a 
detecting signal. 

[0021] Other examples of a configuration of the electrodeless discharge lamp lighting 
device of drawing 4 are shown in drawing 6 . In this example, electric conduction 
pattern 33A by which connection was made by the source of FET-T1 and the drain of 
FET-T2 is directly extended to a matching circuit side. And electric conduction 
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pattern 32A connected to the source of a main-electrode pair of FET-T2 is not 
extended to a matching circuit side, but between the electric conduction pattern 61 
connected to the matching circuit and electric conduction pattern 32A is connected 
with a coaxial cable 22, and the current transformer 3 detects a current. Other 
configurations are the same as that of drawing 4 . As well as the ability to detect the 
current by the side of a load, the ground potential and the stabilization potential of a 
drive circuit which are the stabilization potential of the electrical-potential-difference 
current to detect are communalized by the starting configuration, and that an error is 
included in a detecting signal does so the effectiveness of being lost, by it. 
[0022] Now, in an electrodeless discharge lamp lighting device, at the time of lighting, 
as the electrodeless discharge lamp which is a load acts as resistance, the current I 
which flows for a load serves as suitable magnitude and it is shown in drawing 7 (a), it 
flows. And Current I falls, and when an electrical potential difference V serves as zero, 
it is controlled so that Current I serves as zero, as an electrical potential difference V 
falls from the threshold electrical potential difference Vth of a switching element and 
serves as zero. However, at the time of starting, since the excitation coil L with very 
few very few starting circuits and resistance components of power consumption 
served as a load, as it was shown in drawing 7 (b), Current I became excessive, and 
there was a danger that destruction of a component would arise. In addition, when a 
period (namely, idle period) until an electrical potential difference V falls from the 
threshold electrical potential difference Vth and serves as zero is above to some 
extent, and Current I flows very greatly, Current I flows continuously at the 
above-mentioned idle period, even if an electrical potential difference V becomes 
below zero, the flow of a current does not stop, but undershooting arises on the 
electrical potential difference V between the both ends of a switching element, and an 
electrical potential difference Vr is produced. This electrical potential difference Vr 
disappears by charge of a switching element in the period of ON of the following 
switching element. However, cancellation of the electrical potential difference Vr by 
this charge was energy loss, and was not desirable. 

[0023] Then, the configuration of an electrodeless discharge lamp lighting device is 
constituted like drawing 9 . In the configuration of FET-T1 and the drive circuit which 
gives a drive signal to the gate of T2 through Transformer Tr, the amplifier 62 of D 
class (Class A, Class B, etc. are good) is installed between the source 64 (for example, 
13.56MHz) of a drive signal, and Transformer Tr, and it controls to switch the gain. 
This control is performed by the starting tense circuit 63. The starting tense circuit 63 
incorporates a lightwave signal from a photosensor 65, detects whether it is an 
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electrodeless discharge lamp at the starting time, and when it is at the starting time, it 
outputs a control signal to amplifier 62, and it controls it to make high the electrical 
potential difference of the sine wave which is a drive signal. That is, it controls to 
make gain of amplifier 62 high. Next, if it detects that the electrodeless discharge lamp 
changed into the lighting condition from the output of a photosensor 65, the starting 
tense circuit 63 will output a control signal to amplifier 62, and will control it to make 
low the electrical potential difference of the sine wave which is a drive signal. That is, 
it controls to make gain of amplifier 62 low. 

[0024] The sine wave when performing the above-mentioned control is shown in 
drawing 8 . Vn has shown the electrical potential difference at the time of Vs and 
lighting for the electrical potential difference at the time of starting. When the 
threshold electrical potential difference of a switching element is set to Vth, it turns 
out that time amount until the idle period at the time of starting becomes short with 
t4-t5, and an electrical potential difference Vs falls from the threshold electrical 
potential difference Vth and serves as a zero bolt to the idle periods at the time of 
lighting being t3-t6 at the time of starting is very short. Consequently, at the time of 
starting, as shown in drawing 7 (b), the load current I becomes large, but since time 
amount until a drive electrical potential difference is made high and serves as a zero 
bolt from the threshold electrical potential difference Vth is short, the electrical 
potential difference between both ends of a switching element stops being able to 
produce undershooting easily, and drain dissipation decreases sharply. When the 
threshold electrical potential difference Vth incidentally set the electrical potential 
difference Vs at the time of 7V and starting to 13V for the electrical potential 
difference Vn at the time of lighting using the switching element which is 3.5V, it was 
able to compare, although the drain dissipation at the time of driving by 7V also at the 
time of starting was 163.3W, and has improved to 31. 2W. 

[0025] In addition, in other examples, although the electrical potential difference of a 
drive signal was controlled by gain control of amplifier 62, when it controls to carry out 
constant power actuation of the DC power supply which are power sources of the 
above-mentioned amplifier 62 and the load current I increases that is, it controls by 
the above-mentioned example to enlarge supply voltage Vd of the above-mentioned 
amplifier at the time of starting. Also by this, a drive electrical potential difference can 
be made high at the time of starting, time amount until it becomes a zero bolt from the 
threshold electrical potential difference Vth can be shortened, and a comb and drain 
dissipation can be decreased sharply for the electrical potential difference between 
both ends of a switching element to produce undershooting. 
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[0026] In an electrodeless discharge lamp lighting device, it is as above-mentioned 
that it is necessary to supply a low impedance high frequency high current to the 
electrodeless discharge lamp and excitation coil which are a load, and it becomes 
conditions that Q of resonance of a circuit is very high as a matching circuit. 
Moreover, a coil L1, a capacitor C4, and resistance R1 Also in the starter circuit 
( drawing 1 ) connected to juxtaposition, in order to control loss to the minimum, Q of 
resonance of a circuit is set up highly. Therefore, both circuits have the special 
feature of changing a current value sharply by fluctuation of the constant of each 
component. However, in the electrodeless discharge lamp lighting device, if actuation 
of the Maine circuit was not stable even if the Maine circuit and starter circuit which 
include a matching circuit like drawing 1 are connected to juxtaposition and actuation 
of a starter circuit was stabilized, actuation of a starting circuit became unstable 
under the effect, and suitable starting operation may not have been made. Then, it 
carries out using DC chopper circuit as shows the input of a high frequency inverter 
circuit to drawing 10 thru/or drawing 12 , and a secondary coil is wound around the 
charge inductor, the high voltage is obtained, and it is impressed by the capillary 7 for 
starting. 

[0027] DC chopper circuit of drawing 10 is a circuit called a pressure-lowering mold 
DC chopper. In this circuit, the driving signal of predetermined frequency is given to 
the gate of FET71 which constitutes the switching section, the direct current voltage 
concerning an input is switched, and inductor 75A which constitutes a smoothing 
circuit, and a capacitor 73 send out to the circuit connected in the shape of L 
character through diode 72. A capacitor 74 is a capacitor for charge storages. It 
considers as the configuration which winds secondary coil 75B around the 
above-mentioned inductor 75A, obtains the high voltage, and is impressed to the 
capillary 7 for starting. The output of this DC chopper is given to the inverter circuit of 
the Maine circuit. By this configuration, he can obtain the high voltage for starting 
stably, and exact starting operation does. That is, since starting voltage is obtained by 
association by the inductor, it is not influenced of the Maine circuit and the starting 
characteristic is stabilized. 

[0028] Drawing 1 1 shows a pressure-up mold DC chopper, and drawing 1 2 R> 2 shows 
a back boost mold DC chopper. Since starting voltage is obtained by association by 
the inductor also by these, the same effectiveness is expectable. In other examples, 
the high voltage for starting is obtained by the pressure up which used the 3rd coil of 
an insulating mold DC-DC converter, and it is impressed by the capillary 7 for starting. 
Effectiveness with the same said of the starting configuration is done so. In addition, 
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as for the frequency of the driving signal which is given at the gate of FET71 which 
constitutes the switching section in any case, it is desirable to exceed 1 MHz. That is, 
i is expressed with omegavalve flow coefficient when line capacity of the path in which 
the current which flows this angular frequency in omega and flows the high voltage 
obtained to V and the capillary 7 for starting is resulted [ from i and a high-tension 
circuit ] to a gland through the capillary 7 for starting and the body 6 of an 
electrodeless discharge lamp is set to C. What is necessary is just to enlarge omega, 
in order to obtain predetermined i here, since C is about 0.5-5pF. Then, the electrical 
potential difference V to impress can be reduced, insulation can be raised, and corona 
loss is reduced. Moreover, effectiveness is size, when omega is enlarged, a charge 
inductor or a transformer can be miniaturized and there is the need of coiling many 
coils around high-pressure generating, like this example especially. 
[0029] FET is adopted as a switching element by the inverter circuit in the 
above-mentioned electrodeless discharge lamp lighting device, and when the 
parasitism diode of this FET constitutes the current path of a reflux current, in it, the 
above-mentioned inverter circuit constitutes a current resonance form inverter, so 
that clearly [ drawing 1 etc. ]. However, in the above-mentioned inverter circuit, for 
actuation by high frequency, the period when parasitism diode changes from a forward 
bias to reverse bias is short, and may be unable to complete discharge of stored 
charge within this period. Un-completing [ of this discharge ] had rapidly the fault 
which appears the destructive mode in which a current flows in the hard flow of FET, 
when ON control of FET was carried out. 

[0030] Then, an inverter circuit is constituted like drawing 13 . Resistance Rd is 
connected between the sources of FETT2 and the glands which are the switching 
element of an inverter circuit, a capacitor C9 is minded for the forward current of the 
parasitism diode D2, and it is an electrical potential difference VM. It detects by 
carrying out. The electrical potential difference which pressured Vcc partially by 
resistance R8 and R9 is given to the noninverting terminal of a comparator 81, and it is 
the reference electrical potential difference VREF in a reversal terminal. It is given. 
The output of a comparator 81 is given to the zero signal hold circuit 82, and the 
output of the zero signal hold circuit 82 is given to the base of the transistor 83 which 
is the switch of the supply voltage of a drive circuit. 

[0031] If un-completing [ of discharge of the parasitism diode D2 ] has arisen in the 
starting circuit, the moment FET-T2 turned on, the source potential Va sways greatly 
to a minus side, as shown in drawing, it minds the differential circuit of a capacitor C9 
and resistance R9, and is the reference electrical potential difference VREF in the 
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noninverting terminal of a comparator 81 . A low electrical potential difference appears. 
Consequently, a zero signal is outputted to an output in the shape of a pulse at a 
comparator 81, the zero signal hold circuit 82 holds this, a transistor 83 is turned off, 
the supply voltage Vcc of a drive circuit is intercepted, and protection of a component 
is achieved. 

[0032] In addition, although detected only about the parasitism diode D2 in the 
inverter circuit concerning this example, it is detection **** about un-completing [ of 
the discharge about the parasitism diode D1 in other examples ]. By doing in this way, 
more certainly, destructive mode can be detected and protection of a component can 
be aimed at. Moreover, in other examples, in order to detect the forward current of 
parasitism diode, the resistance for detection is prepared in a drain side. Moreover, in 
other examples, the electrical potential difference corresponding to the current value 
of the current which flows through parasitism diode using the peak hold circuit of the 
electrical potential difference of a negative side is obtained, this is led to a comparator, 
and the comparison with a reference electrical potential difference is performed. 
Furthermore, in other examples, only the electrical potential difference of a negative 
side is taken out using diode, and the electrical potential difference corresponding to 
the current value of the current which integrates an integrating circuit and flows 
through parasitism diode is detected. The same effectiveness is done so also 
according to such an example. 

[0033] Now, the inverter circuit of this invention was applied to the electrodeless 
discharge lamp lighting device, the low impedance high frequency high current needed 
to be supplied to the electrodeless discharge lamp and excitation coil which are a load, 
and the matching circuit was prepared. And it is as above-mentioned that it becomes 
conditions that Q of resonance of a circuit is very high as this matching circuit, and a 
very severe precision was demanded. For example, change of the capacity value of 
the capacitor Cs of a matching circuit (refer to drawing 1 ) 1% will change an output 
20%. Then, an inverter circuit with little output fluctuation is offered irrespective of 
change of the impedance by the side of a load. 

[0034] The important section of the electrodeless discharge lamp lighting device 
which applied the inverter circuit concerning an example to drawing 1 4 is shown. The 
electrodeless discharge lamp and the starter circuit are omitted in this example. For 
example, a source power supply 91 is changed into a direct current in a power supply 
section 92, and it gives to the inverter section 93. The inverter section 93 has 
composition which drives a switching element by the sine wave through a transformer, 
and the sine wave which is a drive signal is outputted from a driver 94. The output of 
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the inverter section 93 is given through the matching circuit 95 to a load side. In this 
example, since the output voltage to a load and the output voltage of a power supply 
section 92 have correlation, the output voltage of a power supply section 92 is taken 
out in the electrical-potential-difference pickup section 97, and it leads to the power 
control section 96. Moreover, since the current which flows to a load side, and the 
output current of a power supply section 92 have correlation, the output current of a 
power supply section 92 is taken out in the current pickup section 98, and it leads to 
the power control section 96. The electrical-potential-difference pickup section 97 
consists of capacitor dividers as stated above etc., and the current pickup section 98 
is constituted by the current transformer as stated above etc. 

[0035] Based on the output voltage and the output current which were detected, the 
power control section 96 controls a power supply section 92 so that power always 
serves as predetermined. That is, amplifier is prepared for a power supply section 92, 
control which fluctuates the operating point is performed, and output power is held to 
predetermined. Consequently, since the output voltage to a load and the output 
voltage of a power supply section 92 have correlation and the current which flows to a 
load side, and the output current of a power supply section 92 have correlation, if the 
phase angle of load impedance becomes small, input voltage will be reduced, and if the 
phase angle of load impedance becomes large, control which raises input voltage will 
be made conversely. 

[0036] Conventionally, if the phase angle of a load becomes small in a circuit, in case it 
is switching, the electrical potential difference impressed to the output side of a 
switching element will increase, and valve flow coefficient2 loss will also increase. It is 
the electrical potential difference on which C is an output capacitance and V is 
impressed here to the both ends of a switching element at the time of switching. 
However, supply voltage will be reduced by the constant power control by the 
above-mentioned example circuit if the phase angle of a load becomes small. 
Therefore, the electrical potential difference V impressed to the both ends of a 
switching element at the time of switching does not become large, but can control the 
increment in valve flow coefficient2 loss. And even if it changes over the range where 
the angle of deviation of the impedance of a load is fairly large, an output is 
predetermined and a well head is held. For this reason, it is suitable for the lighting 
device of the electrodeless discharge lamp which is the load which changes over the 
range where the angle of deviation of an impedance is fairly large. 
[0037] The above-mentioned inverter circuit constitutes an electrodeless discharge 
lamp lighting device in drawing 15 and drawing 1 6 , and the response characteristic at 
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the time of driving is shown in them. In drawing 1 5 , when fluctuating the capacitor Cs 
of a matching circuit it changes with a curve with convex direct-current input voltage, 
and it increases as the error whose phase leading reverse current is Cs carries out a 
variation rate to a minus side. The output current defines a phase leading reverse 
current as the actual value of the current which is flowing to the reverse sense with 
the electrical potential difference concerning each FET ? while the phase is progressing 
rather than output voltage. Also as for the charge which parasitism diode is easy to be 
turned on, so that this phase leading reverse current is large, and is accumulated in 
parasitism diode, discharge becomes is hard to be completed within the period when 
parasitism diode changes from a forward bias to reverse bias. Therefore, for circuit 
protection, it is desirable to suppress this phase leading reverse current below to a 
predetermined value. However, an output and drain effectiveness hold about 1 
constant value. It turns out that 80 volts or less are changed in direct-current input 
voltage, and a phase leading reverse current may change Cs **6% on conditions 12A 
or less. Drawing 1 6 is a response characteristic at the time of making the peak value 
of a drive electrical potential difference control by the circuit which it compared with 
the equipment of drawing 15, and Cp of a matching circuit and the inductance of the 
excitation coil L were raised 10%, and was further constituted like drawing 9 according 
to the size of inverter input voltage. Thus, controlling a drive electrical potential 
difference will control the idle period of an inverter as shown in drawing 8 . ** — using 
control [ like ] together — valve flow coefficient2 The increment in a loss is controlled 
further and can maintain a well head over the large range. When an input current or 
the load current increases and input voltage declines by this, it is high and an input 
current or the load current decreases a drive electrical potential difference 
conversely, and when input voltage rises by this, the control should just reduce a drive 
electrical potential difference, as it was mentioned above. It turns out that Cs may be 
changed from this property **7.2% if a phase leading reverse current is made into 
conditions 8A or less, and Cs may be changed **8% if a phase leading reverse current 
is made into conditions 12A or less. It **, and is not based on dispersion in a 
component, but exact actuation can be secured. Furthermore, modulated light control 
can also be performed by controlling this input power. Even in this case, if control of a 
gate drive electrical potential difference is used together, it is effective in taking the 
large modulated light range and being able to maintain a well head. 
[0038] In addition, since power control is exactly the phase control of the electrical 
potential difference and current which were detected, other examples control the 
phase of the electrical potential difference and current which were detected by the 
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power control section 96, and consider it as power control. 
[0039] 

[Effect of the Invention] As explained above, according to the inverter circuit of this 
invention, the direct current voltage which the phase contrast of the current and 
electrical potential difference which are supplied to the load is detected, and is given 
to an inverter circuit based on this phase contrast rises or falls suitably, direct current 
voltage is changed according to fluctuation of the value of the impedance of a load, 
and a phase, and the optimal matching condition appears. 

[0040] Furthermore, an inverter circuit is equipped with the switching element in 
which the main-electrode pair and the control-electrode pair were prepared 
separately, the path in which it results to a phase contrast detection means consists 
of an electrical-potential-difference detection means and a current detection means 
with a coaxial cable — having — the outside of this coaxial cable, since the conductor 
is connected to the stabilization potential side edge child among the control-electrode 
pairs of said switching element The stabilization potential of the signal by the side of 
detection and a drive is in agreement, little detection with error is guaranteed, and 
control is made into a positive thing. 

[0041] As explained above, according to the electrodeless discharge lamp lighting 
device of this invention, an inverter circuit changes direct current voltage according 
to fluctuation of the value of the impedance of the electrodeless discharge lamp which 
is a load, and an excitation coil, and a phase, appears the optimal matching condition, 
returns resonance conditions to a proper condition, and prevents the starting 
impossible of destruction of a device, or a lamp. 

[0042] Since the supply voltage given to said inverter circuit is controlled according to 
the electrodeless discharge lamp lighting device of this invention so that the electrical 
potential difference and current of DC power supply of an inverter circuit are 
detected and the power which is the product serves as predetermined as explained 
above, even if it changes over the range where the angle of deviation of the 
impedance of a load is fairly large, an output is predetermined and a well head is held. 
That is, dispersion in the component by the side of a load is compensated, and 
predetermined output appearance actuation is made. 

[0043] Since the matching circuit which plans these impedance matching is prepared 
between a load and an inverter circuit according to the electrodeless discharge lamp 
lighting device of this invention as explained above, lighting actuation of an efficient 
electrodeless discharge lamp is made. 

[0044] Since according to the electrodeless discharge lamp lighting device of this 
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invention it has a switching element and the drive circuit which drives this switching 
element by the sine wave, and the sinusoidal voltage for said drive is increased at the 
time of starting of an electrodeless discharge lamp, as explained above, and time 
amount until a drive electrical potential difference is made high and serves as a zero 
bolt from the threshold electrical potential difference Vth is short, the electrical 
potential difference between both ends of a switching element stops being able to 
produce undershooting easily, and drain dissipation decreases sharply. 
[0045] Since according to the electrodeless discharge lamp lighting device of this 
invention it has a switching element and the drive circuit which drives this switching 
element by the sine wave, and the sinusoidal voltage for said drive is increased at the 
time of starting of an electrodeless discharge lamp, as explained above, and time 
amount until a drive electrical potential difference is made high and serves as a zero 
bolt from the threshold electrical potential difference Vth is short, the electrical 
potential difference between both ends of a switching element stops being able to 
produce undershooting easily, and drain dissipation decreases sharply. 
[0046] Since DC chopper circuit which gives supply voltage to an inverter circuit is 
prepared, an inductor or a transformer is formed in this DC chopper circuit, an 
electrical potential difference is obtained from this inductor or the secondary coil of a 
transformer, it was made to use for starting of an electrodeless discharge lamp 
according to the electrodeless discharge lamp lighting device of this invention as 
explained above and starting voltage is obtained by association by the inductance, it is 
not influenced of the Maine circuit and the starting characteristic is stabilized. 
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[Brief Description of the Drawings] 

fPrawing 1] The block diagram of the example of this invention. 

fPrawing 2] The perspective view showing the structure of the important section of 
the example of this invention. 

[Drawing 3] The block diagram of the example of this invention. 
[Drawing 4] The block diagram of the example of this invention. 
[Drawing 5] The block diagram of the example of this invention. 
rPrawing 6] The block diagram of the example of this invention. 

fPrawing 7] Prawing showing the electrical-potential-difference current wave form at 
the time of electrodeless discharge lamp lighting and starting. 

fPrawing 8] Prawing showing the current wave form at the time of electrodeless 
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discharge lamp lighting by the example of this invention, and starting. 

[Drawing 9] The block diagram of the example of this invention which realizes 

actuation of drawing 8 . 

[Drawing 10] The block diagram of the example of this invention. 
[Drawing 1 1] The block diagram of the example of this invention. 
[Drawing 12] The block diagram of the example of this invention. 
[Drawing 13] The block diagram of the example of this invention. 
[Drawing 14] The block diagram of the example of this invention. 

[Drawing 15] The circuit response Fig. showing the effectiveness by the example of 
drawing 14 . 

[Drawing 16] The circuit response Fig. showing the effectiveness by the example of 
drawing 14 . 

[Description of Notations] 

1 Switching Regulator 2 Drive Circuit 

3 Current Transformer 4 Five Coaxial Cable 

7 Body of Electrodeless Discharge Lamp 8 Phase Comparator 

10 Error Amplifier 1 1 Pulse Width Modulator 

1 2 Drive Control Circuit 30 Control Circuit 

81 Comparator 82 Zero Signal Hold Circuit 

83 Transistor 91 Source Power Supply 

92 Power Supply Section 93 Inverter Section 

94 Driver 95 Matching Circuit 

96 Power Control Section 97 Electrical-Potential-Difference Pickup Section 
98 Current Pickup Section 
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•rS^t^-T?^^. *V>hh5>X3&hn'f^;W3 

#>H2 3*i^#« (^ta*8iEo«tiit?s) t-rs. dftfl 

^JI/ 2 2 CD*1-flgS£* 2 4 S:g5»-r^c lsl8S*ffi 2 5 
WRlf^e@lc7t2 bP-f £01072 ISC 

CDT^C 2 6 (ca*5i^ ±IEf*3fi!l#ll 2 3 SA 2 6 (CfStJ 

^-arj&SS^^-Xr^f^. ^S«S^{rJ:0> 1& 

t/^O-f >^^^>X©^±*^&<T€-5c ft*. 3 
50 7<39WRtt*^^--^©^XhS|iJffl-r^. C©« 
!g<Z>ai8^«i®8T&0. *k>h h7>XiC!^S/iffi 
»ig^S:«IEU -5^, l^#^tC-f>^^>X*-¥ 

[0 0 17] 13 1 tw&^T* &#1 5> 16, 1 7«, 

t £■ u Tffi« u $ -a- ^> irtttt** * 

o, i/^x^>x^ro^«cn{c»«sn^^fe 

[0 0 18] ±{E©il«*tt«7>^^!r«fi©«EE» 

«ss^m©»^^ 0 3©<t5trei^-r^ci:*tT€ 

5. x-1 , y?>^^3.1^-^l^©*ifS^&yU>t 
*«±©9l@A^->3 1, 3 2&ftLT7>-1y^>tf 
SfTMFET-Tl<Dl<W>i:FET-T2©V 
-XtJr#^.e.tl. FET-T lCDV-XtFET-T 
50 2C9FW >t«»»*/^->3 3 CSiiSnS. 
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7 

A?—>3 3 tm-W^—>3 2 tCOffltCti. 3>x> 
trAW^Cl, C2©jl[MIlK#8^3n-5. 

ICfcOS^Sn-S. Sfl«lgB3 0«, Hl&fettSnUM'- 

j&fc *>©-?& St, zommiz&^Tit. mm/v? 

->3 2£££«& (MX.& 7-X«&) tU 

hs^-t^m, 5. 2 2 on-wmmmtiz-zn. 

^->3 2©a^»C^n-5. 7.4 y*->ifX¥ 

T*I.FET-T1, FET-T2I1, ^SS^tffilffl 

««**£&*-*-£%>©•?, •i«j'->3i. 32, 3 
cooi9] tz.^>ifl. zwmmz&zt. unmwM 

ffl©7'J-«I©y-hGtV-XS) KMLTF^ 
Ttt, £m«*f (if/^->3 1, 3 2. 3 3tCj&!£ 

©v-xsTfcs©tc*fu QLmmtii&mnmnwgfe 

[0 0 2 0] •€■£-(?, 04C;^r.fc5tr, &mmir-7 
J]/4, 5, 2 2©nW*lft£FET-T2©ft!HSpm&fcf 

©v-xsfc&aic&ss-rs. m^, Miiffi^ov- 

XS>5*£}£m<4 Mz-l*. 7-Xftt) <t2*l-5. £© 

©^«&<htt-^fst^5t^»5, &mmn\zmm 

rt^Sn-S 0 5 (a) K«, 

©@8Sil^*^$nTti-5. i©lHl8S{C*3ViT, ftftl 
A, Tyy>£f|Hft3 8*jS^T-XtCtt, ttEE&ffigB 
(££T«. JgitRA, RB©tt?iJSi^leI?S^<t-55 ; A* 
^30 ®-*©iSTgSiR2©-^ #W->h h9>X 
3©2^ffl#ii6©-jS*^iggSn^^ 0 5© (b) \Z 
^Stl^i^fC, FET-T2fflfiaitgM0V-XS 

s tumnmov-xsmt&PimmffiznT. 7— x 
s&tsns. ^©«^ic<tip, &m-r-5®E«is&©£ 

[0021] a6i;it m4e>mnmtiLn ; 7>7&ffm 
B©^©«i^^$nT^5. £©sii6em4, fe 

T-Tl®V-XtFET-T2fflHK>il:get 
/4 $ nfe#S/t^ - > 3 3 A 5/ ^^lU^^itS 
flt> FET-T20iiffiM©V-XI: 
Sa$nfc#«A^->3 2 A&V-y^^^lElKffltCfi 

1 tmmrt?->3 2 AtOHSI^lir- ;7>2 2 Tit 
$U ^l^h h7>X3lC<fcD«8£©&ttJ£fr-5. -te 

©austt. 04i^--e^s„ %zmmz&-oTh, ft 



(5) #Wf¥6-7 6 9 7 1 

[0 0 2 2] ST, **Sfe*7>^ffgBIC*5^ 

t, tifrmizit, fiffi-v&zmmmiinm^y^&tmt 
t@7 (a> \z^-r«s<izmn^>o -?-lt, «jev#x 

l%\zn%LlW1iutf3.%J:5\zMW2nz>. 

^Jii:*^, 07 (b) K^SttSJ^tcg&inatjB;*; 
tfto. ^©«£#£U5fcB&&a<&ofc. intrjn 

SSSTffllM (BPS, ttikjWW) #&5g«£U:T$> 

*»£i;:t4, &ffinsmtbT±2<ffinz>z\tiz£t), 

^W©«JEVC7>y— >3.-h*t^i;. «jBEVr££ 

»rac*vix, x-f s>^>^*^©;fc«»c<fcgt8i!rr 

[0 0 2 3] &^&;&S5>77&*TgB©Wf£ 
S:0 9©«t5tC^-rS. FET-T1. T 2 ©-7- h 
tCh7>XTr^LTF9-f^ffi^Sr#ASH9-f^ 
0«l©«|*IC*V»T» F5-f^«^*6 4 (ftfctf. 1 
50 3. 5 6 MHz) £ h5>XT r £©p B TtC, Dft (A 
ft. Bft^fepJ) 07>:76 2&ttftU *©y-f>* 

«DftA*«t3fc«trr*. ftftwrnwa 

^6 3(CckoTfft>n?>. ftftP»ftfftl9ft6 314, 03 A 

T»-&iESift©«JEE*a<-r-5«t'5JC«I»-r-5. OS 
0, 7>y6 2©y-Y>&fiS<-rs«fc^fcSI«l&fT'5. 
3tt-t>*6 5©m^«fcl9, *Ht«ttft5>^*»j« 
40 ffttfttfco&iltSftart-**:, ft»««1il§Ift6 3 
f4, 7>76 2C«»fiMffl*l/, K9-fy»*r» 
-5iESfe©«£ESrfi<-r-5«t5«Cf!l»-rs. ^>$0, 7 

[0 0 2 4] ±B2©*Iffil«ffoit«f©iE3£lfiSr0 8{C^ 
T. JS!lli©tff*Vs, ^tfl"«©«JEE*VnT^L/T 

t, ^ffB#©«cjk«Bffl*U 3~t 6T?»S©fc»U ft 
ftttOttlkniRW t 4~t 5tM<ai}. ft»I^IC«EE 
V s*<U#^ffl«JEEV t hctDffiTL,T-lfD#;Wh£* 
50 **T?©^fW*tft«)Tfi<»:t3T^SC:£*<WS. i© 
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(6) 

9 

. mWM\ZttM7 (b) Ha*L&*D<£ffi«S«l 
#*£<&£©-?$>£**, H9-1'^«lEE*tfl!i<$n, b 

^TS^lC. L£W*ttJEEVt h#3. 5V©X-T-y 

-f :7£fToTV>;fc*-&©FW >»5fe*U 6 3. 3WT 
fcrafcOfcttU 3 1. 2Yf\ZJ&m?Z>Z.t&T!2tz. 10 
[0 0 2 5] f£&. ±.m%1MWV^ 7>7<5 2©Y-f 

*t, momMWZ&^TU. ±fB7>7 p 6 2®«igt?* 

i jwtjnb&t^. oso, 5&«i^f(i. ±ta7>:/©« 

t hj$>St?0#;l'H,hft£3;T©llflW£®< U X-fy 

? > y st- omntmn&tfT y^-^a.—v^^\z< 

[0 0 2 6] ««ffi$m5>^*TgBK*5V>Ttt, ft 

£i«iW&©«0-ei&S. *fc> n-f;WL 

fcj&lc, [§8&©#iB©Q;WB<^£3nTV>-5. 
T, iflHlK*lc> SiSi7-©£&©*SfjK±0 Sifts*** 

01 O75S01 2tc*-r*'5feDC^3^yAlil*S&ffl^ 

[0 0 2 7] 01 0ODC?3 >y/1lHliS», P$JE3!DC 4C 
X-Y y ^^a^St^T* F E T 7 1 ©$*- h \zmfem 

>5 i >^7 3*U^ttC&8^mfc|Hl&^£^*-F 
7 2£:*LTj£tiiT-5o 3>x>-y"7 «^f««ffl 

ron^^t?*?.. ±sa-r>^^7 5 Aiz2^mm 

7 5 B €r#HI LTi#&«iE£#T&»jfflSBlf 7 [C^itTT^ 
WfSftS. eifflDCfa >y/1©Ul^«, ;*-f>0E&© 



#M¥6-7 6 9 7 1 

JO 

[0 0 2 8] 01 UWffi^DC^g yAfc/rcU 01 
2tt/N*^^^— X hSDC^a -y/t&^-f. itl&(C<t 

otfe, -f ^y^^t^ts^TjifetiiSffi*^©^ 

-DC3 >A~* © 3 V^c#ffiT5&»ffl©S5 
SJEE£#T, *MWB«f 7fcBHir*-*. *S«*T?<I>H 

«©«i**#-r-5. &43> v>-rn©#&K:*>, x^g 1 
>^Si»i^-r?>FET7 1 ©y- Mc^-5K»m^ 

tcssn^«K*i, «ffiiHF8SA^s&»ifflaii«7, mmm 
i$ctnt< iUwcvegsns. EuC, era 

>^^*-5>V i Bh9>X<£/h^t?#> «ffc, *W© 

[0029] ±c*«*iW9>^^*rs«fc*»t* > f 
vammmmomm^m^'r^z.tiz^r). ±b 

»^©fc*, ff*y-^*— FtfJBfrlSj/VfT'X^SiJfcfr 

iBjA>frx's*fl:-rs«im^s<> ^©»aMrt(c#tt* 

W©^«S^7-T-5C:a:* 1 T#^V^-&^2&-5. Jl©iS 
m©*^T«> FET*^>*il»$n^i:, ISiCFE 

[0 0 3 0] ^IT. -f >n-^@SSS, H13©J:5 

' «nft^*- Fr>2<DM?}famffi*?y7 : yD-c9 

WffcttV c c *SSiR8< R 9 KckOfrJEUfcSffia* 
^^n. S«^tt{iP7r^>X«JEEV.EF 
?>nTV^<, )t&8&8 lWtH^Jli^^-Jl'HIlgSS 

2ic#Ae>n> fihik 8 2 ©m*«H9-r 

^|§IiS©«S«ffi©X-f y^Ta&« h5>^X^8 3© 

[0 0 3 1] «?>lB]ifStr*ViT» »*^-f*-HD2«> 
»m©*^7*^UTVJ*t, FET-T2*^>Lfc 
? V-X«fitVa«, 0©«t5fCT'f^-Xffll^ 
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(7) 

11 

£<mtl. 3>?>D"C9 <h«$iR9 £©«S#lHl8&£fl' 
UT. ft&ggS 1 «#E£J8TlCtt, W77^>X«f£ 

[0 0 3 2] fcfc^HJSWCfl^-f >n-^[5IKt?«. 

»©«««K*f*-rs«ffift»T, z\n*tmm\zm 

[0 0 3 3] «*T» *§815J«!W >SC-j'HKI&. Mi 

^yzfRumm^MzMb^ >^-^>xummm 
ig© q amsbxm v» c t t & * £ t ra^os d 

- «&Tjg|LVVft«j!)ig*£nT^;fc©T&3. 

if. •?y^>?mi&0?>5 : >y-Cs mi&M) (Dm 30 
WM»l/t— t>h^fl:-r«t, tiJWi2 0A-t>h 

[0 0 3 4] H 1 4 SygWc&S-f >A-^dIK 

2£Tttiftf;:£&U 3-v#A-5. -f> 

-f^'«#-eS-S)IEKSc«H5'f A'9 4d^W*Stl^. 
-f >A-*g&9 3«ffl^ttV->^>^|5lK9 5^LT 

9 2 ©ffi#«ffi,»:;W§W£&0 
«igg89 2©m*«£ES:«BEtry^7>y^ffl59 7TSlD 
tilL. «A«fflIg|59 6^«<„ tkffiWiZffinZM 

iS8S9 2©tB*SSS*«S2bf>y^T-yyg89 8TK0ffl 
U «*$«fflie69 6^#<. *BEfcf>y^7>y^lB9 7 50 



#^¥6-7 6 9 7 1 

i77yyai9 8it mm<D*\s>hh7>x!g\z£r)m 

[0 0 3 5] «X7©IWeB 9 6«, tttlSnfcHlAtfEi 

g?9 2o©iiai$fT3. «agg&9 2Cit«§§*t9: 
M2I5 9 2(oa^mHi^ffiH&^. fttt«icKn«« 

ffi^>lf-y>X©&1§A>!>Vh3 A*«ffiS 

[0 0 3 6] ft*@8K;i5HT, ftffi©ftffiA*Vh3 < 
SSi. X^y^^lSCX^^V^iSS^Wffl^fl!! 

fcajimsnsajiambou cv 2 DXfeiiira-r^. z. 
z.\z. c\tmttmm-v$>K>. V\tX-i y^yymizx-1 
y^>ifm?<Dmi%\z8>mt<tiz>mi£-v&z>, ua»u 
±m<Dnm&mmz&z>feniiMmz£-oT. *??©& 

t. 7.1 y^>vmz*-i y^yvmi-nmmizwM-z 

nstffVH^tOft^f, CV 2 nxffiiMSiMT 

^ir, A^f©-i'>tr-^>x©iiA^fflai£^ 

[0 0 3 7] 015. 016iCtt, ±8M>/t-^@» 

'yf>»©3>f>lJ-C s ass 

^^T'f^-xfiS'sStt-r^^onTJiDo-rsp mmm 

iZ, &4<DFET\ZfrfrZW££\Zmfa%\ZffitlX\,*Z> 

\zwmt<tiT\,>zw(8*>m£.mr- v&mjjfaw r 
xfrzmxftMT7^tt.?z>mmmzi&nw$zTis 
n\z<<?3.2>. a^x> ®f&&m<Dfint>iz\tz\<Dmmm 

s o h^T. mmmm^ 1 2 t>^t^t© 
^ftTtt. c s &±6/t-±> h^b^-e#-5ci^j 
01 6«, mi 5(Dmm\zith. -^v^yifm^ 

C p ;n©-f 1 0A-t>h 

m£*®mtz>z.t.u.mz\z7h\sitMQ. iyn—9<D 
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(8) 

13 

frtrst, Cs£±7. 2/1— fe>HEfl23*». a 

8/t— t>h»ta*»*Jita«fl«. »rbT, #f© 
tfso^tc^e-f, Etc, - 

[0 0 3 8] ft*, «*MWtt. ^mbfc«JEt«SSt 
[0 0 3 9] 

*CTit*«jEE*qoEan. aaftvy^^ttfttfa 

[0 0 4 0] It. -f >/t-*Hn*fctt, 

[0 0 4 1] BU«WLfcJ:5fc» *5SW©««ffi&« 

•SSffi&m 5 > afin -f ;v©-f > t:- y >x ©tt 

y^>i*R««3ltflU #«*fr*aiEfttt*fcRU 
5V tV{ X©««^7 >^ , ©J&«PFIB*KrJfct - «. 
[0 0 4 2] bubmhl&JiSIc, *3g9.©ftHtKR* 
7>^fl _ «Blc«tn«, >/t-*B»©ItWMR© 

5©T?, JMratf >tf-y>X©«^*t;tg^j£Vv«gHfc 
ftffl*HJftff**ftSn*. # 



^H¥6-7 6 9 7 1 

[0043] sk±mmhrcj:o\z. xmrnwummtoM. 

[0 0 4 4] J».hK9!bfeJ:3lC. *%9)©*lHUUMt 

7>-7mmmiz&ti& x-r £©x 

-f ??>?*?*jEK)IEC£9 H9-f H5-f ^0 
Stmsn, *««M9>:/©tt»WC*rBFS 

iS<Sn, LSVMMffiV t h*^-tfa*;i/htft<5* 

[0 0 4 5] SLhttnLfeJ^fc, *S5BJ©*«*»e 

-f :/JB©IEKift«fliStt*:3tt*© , C» H^-f^Sffi^ 
SKSn, u*v»««EEV th*6i?a3S;Phtft** 
T?o©W*«fiv>fc«6R:X'f y^^Si^ ©ffl«BIW«E*< 
7>^-5/a.-H64UK<<ftO, FW»WW: 

[0 0 4 6] JK±SiWLfc<fc5fr, *ft9.©*HUfttti 

5>^*rsBfcj:n«, ^ >rt-9\3\mzjsfvmm 

* * fctt h 9 >X© 2 J: D«E£#T, 

*««#«9>:/©»fticflJ<' s *J:9fcL&©T?, -i > 
£ t**ft < jftwwsswssirr*. 

[0ffi©ffiHiftlBBJi] 

[01] 3f£f8W©HJ60i|©«lS0o 

[02] *K«©*iti«!©»»©siifiSoR-r«aa 

[03] #58§!3©*]&!sfll©*Wt0. 

[04] *ft8©%ltM©fliJ&H. 

[0 5] *5§bJ©HS6C«1©«)e£0. 
[06] *5SWro^J6«ri|©»^0o 

[07] >-7asm tmwmomsmm 

^**-T0. 

[0 8] **W©*lfi*9K**«MI«lWt9>^jiMT^ 

[0 9] H8o»^ft*a"r«*58w©**«©** 
0. 

[010] *^Bjo^6fi0t|©*^0. 
[011] *^^©HifiM©«l^0. 
[012] *%Bjo5|J|^<Dfl|^0„ 

[013] *$m<D&itmomim. 

[014] *%BJ©g|JSCTO«^0. 
1 [0 1 5] 0 1 4©*Ji^{C«fcS5?&*S:*-riHlKJiSS 
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15 



[016] 01 40^Sfi«9C<tS^**^THI?&^ 
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1 2 f!m zfffim®& 

8 1 Jt«tg 

8 3 h^>>?X^ 

9 2 «ggB 

9 4 F^-fA* 

9 6 miiMm& 

i l a;wx*i io ?Ty7& 

9 8 ssstf^r 
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2 F5-r zrm 

4, 5 l^ttl^ 
8 <4ffltt&2§ 
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(15) 



#H¥6-7 6 9 7 1 



[El 5] 
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